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PERCHLORATE EXTRACTION AND PURIFICATION
Field columns that we used for perchlorate extraction from the Great Lakes water for isotopic analysis are custom made simple constructions. We used commercially available clear PVC pipe for construction of 1 L columns, then we filled them with 1 L Purolite A530E bifunctional strong base anion exchange resin. After extracting perchlorate from large quantities of lake water, the perchlorate-loaded columns were transferred from the lake to the University of Illinois at Chicago in coolers filled with ice and stored in a refrigerator before perchlorate extraction.
In addition to perchlorate the anion exchange resin also adsorbs variety of other compounds such as nitrate, sulfate, a range of organic compounds and sediment particles. A flushing of the anion exchange resin with 4 bed volumes of 4 mol/L hydrochloric acid (HCl) and 2 bed volumes of ethanol removes most of the co-adsorbing compounds leaving behind mostly adsorbed perchlorate on the anion exchange resin. Subsequently adsorbed perchlorate is extracted from the anion exchange resin by using an eluent of tetrachloroferrate, which is prepared as a mixed 1 mol/L ferric chloride (FeCl 3 ) and 4 mol/L hydrochloric acid solution. 1 Tetrachloroferrate is highly effective in desorbing perchlorate from the anion exchange resin. In fact, less than 3 bed volumes of the tetrachloroferrate eluent displaces about 90 % of the adsorbed perchlorate from the Purolite A530E bifunctional strong base anion exchange resin ( Figure S1 ). After the elution the perchlorate-bearing eluent was diluted with deionized water (to convert tetrachloroferrate to cationic Fe species) and Fe was removed by passing the S3 solution through a glass column filled with 600 mL of Bio-Rad AG50W-X12 cation exchange resin. The perchlorate-bearing eluent is then evaporated on a hot plate until about 25 mL of solution remains with addition of a few milliliters of 30 % H 2 O 2 to oxidize organic compounds. The evaporation of this azeotropic mixture (~6 M HCl) removes most of the hydrochloric acid without producing any precipitates. Ion chromatography analysis was conducted at this step in order to determine the amount of perchlorate recovered from the sample column. To farther purify perchlorate and to remove the residual impurities (e.g. nitrate) the solution was neutralized to a pH of just above 1 using 10 mol/L NaOH, and reloaded onto 2 mL of Purolite resin for a repeat of the elution and Fe-removal steps described above. Then the final eluent was evaporated down to ~0.5 mL to remove HCl, and the remaining dissolved Cl a The "sea chest" is a port through the ship's hull about one meter below water level. Water was pumped continuously through this port up to the laboratory for sampling of perchlorate on 1-liter ion-exchange resin columns for isotopic analysis. 
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